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Osteoporotic spine fracture is very common nowadays due to the aging population. It may result in
prolonged immobilization due to signiﬁcant back pain. Cement vertebroplasty helps to relieve pain,
provides immediate stability and allows early mobilization. Intraspinal leakage of cement is a rare
complication but it may lead to catastrophic neurological injuries. Evidence-based management guide-
lines for this complication are lacking. This is a case report about intraspinal leakage of cement during
vertebroplasty for an 85-year-old womanwith osteoporotic burst fractures over the lumbar spine. Urgent
exploration and decompressionwas performed. No neurological injury was found after the operation and
the patient recovered from osteoporotic back pain uneventfully.
中 文 摘 要
由於人口老化，骨質疏鬆性脊柱骨折是很常見。當中的背部疼痛可以導致患者活動受限制。骨水泥椎體成形
術有助於緩解疼痛，提供即時的穩定性，並允許提早活動。椎管內滲漏的骨水泥是一種罕見的併發症，但它
可能會導致災難性的神經損傷。處理這一併發症的循證管理指引很缺乏。本報告是關於一個85歲老太太，患
有腰椎骨質疏鬆性爆裂性骨折，在進行椎體成形術時出現骨水泥椎管內滲漏。醫生立時進行緊急勘探和減壓
手術。術後病人沒有神經損傷，也從骨質疏鬆性腰痛順利康復。Introduction
Cement vertebroplasty is an effective treatment for painful
osteoporotic collapse. It can be performed percutaneously in a
minimally invasive manner, which is particularly beneﬁcial in the
elderly. Leakage of cement into the spinal canal is a rare compli-
cation and there are just a few case reports about this potentially
devastating problem.1,2 Resultant neurological injury can be per-
manent and it is due to the mechanical, thermal, and chemical ef-
fect of the cement.1 By contrast, the standard assessment and
management of this complication is seldom addressed in the
literature. In this article, we are going to present a case of intra-
spinal cement leakage during a two-level vertebroplasty followedm.
sociation and Hong Kong College of Orthby a short review on the prevention and treatment of this
complication.
Case report
An 85-year-old woman was admitted on 28th December 2013
due to mechanical low back pain for 3 days. She had a past history
of right total hip replacement in 1993 and left total knee replace-
ment in 2005; otherwise she enjoyed good past health. She was
able to walk with a frame before admission. She suffered from
spontaneous onset mechanical low back pain for 3 days with no
history of injury. There was no radiating pain to the lower limb or
any sphincter problem. She denied any fever or constitutional
symptoms. On examination, local tenderness over L1 and L3 asso-
ciated with paraspinal muscle spasm was noted. Lower limb
neurological examination was unremarkable. She had normal analopaedic Surgeons. Published by Elsevier (Singapore) Pte Ltd. All rights reserved.
Figure 1. Lateral lumbosacral spine X-ray showing collapsed L1 and L3.
Figure 2. Anteroposterior view of the lumbosacral spine.
Figure 3. Sagittal CT view showing collapsed L1 with intraverterbal cleft.
Y.-C. Siu et al. / Journal of Orthopaedics, Trauma and Rehabilitation 19 (2015) 100e106 101tone and perianal sensation. The hemoglobin level, white cell
count, platelet count, and bone proﬁle were normal. Radiographs of
the lumbosacral spine showed collapse L1 and L3 with degenera-
tive changes (Figures 1 and 2). Computed tomography (CT) of the
lumbosacral spine was performed and it showed collapse L1 with
intravertebral cleft with minor degree of retropulsion (Figures 3
and 4). Pedicles and posterior elements remained intact.
The patient was treated conservativelywith thoracolumbosacral
orthosis, oral analgesics, and physiotherapy. However, she did not
respond well and still could not get out of the bed after 10 days of
conservative treatment. Magnetic resonance imaging of the
lumbosacral spine showed features of recent osteoporotic collapse
over L1 with minimal retropulsion and slight encroachment of the
spinal canal. There was also old osteoporotic collapse over L3Figure 4. Axial CT view of L1 showing collapse with intraverterbal cleft.
Figure 5. Sagittal view of MRI scan showing new collapsed L1 with slight retropulsion
and an old collapsed L3.
Figure 6. Axial MRI view of L1 showing slight retropulsion.
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ments, percutaneous cement vertebroplasty was arranged on 17th
January 2014.
The operation was performed under general anaesthesia and in
the prone position on a spine table. General anaesthesiawas chosen
because the patient tolerated the back pain poorly and it was very
difﬁcult for her to turn in bed. The option of local anaesthesia or
sedationwas offered but she requested a pain-free condition during
the whole procedure.
The procedure was performed using Vertecem Vertebroplasty
System (Depuy Synthes GmbH, Oberdorf, Switzerland) and Verte-
cem Vþ ready to use cement was used. L1 and L3 pedicles position
were marked under radiography screening. A guide wire was put inFigure 7. Intraoperative X-ray showing posterior leakage of cement over L1 extending
into the spinal canal and the pedicle tract.ﬁrst under anteroposterior X-rays, starting at the lateral wall of the
pedicle and towards the medial pedicle wall with convergence.
Lateral radiography was checked once the medial pedicle wall was
reached to ensure that the guide wire tip had passed into the
vertebral body. A 10-gauge needle was then inserted and further
advanced into the anterior half of the body. The procedure was
performed by experienced surgeons and each guide wire and
needle required only a single entry for the optimal position.
It took 2 minutes for mixing of cement and ﬁlling of syringes
before injection in the vertebral body. Cement was injected bilat-
erally into L3 ﬁrst using a side opening inner sleeve and 4 mL of
cement was injected with good ﬁlling of the body. It took 4 minutes
to complete the injection. Aminor extravasation anterior to L3 body
was noted. It was followed by an injection into L1. After a 2-minute
slow injection of 3 mL of cement, it was noted to extend to the
posterior vertebral wall. Cement injection was then stopped
immediately. However, the posterior migration of cement
continued and it extended into the spinal canal and then superiorly
and inferiorly along the posterior annulus region (Figures 7 and 8).
Urgent exploration was performed using midline skin incision. The
lower half of L1 spinous process was excised and laminectomy of L1
was performed. The upper part of the L2 laminaewas also removed.
The exposed ligamentum ﬂavum was removed. The dorsal and
lateral aspect of the dura remained intact with good bulging.
Further exploration of extruded cement was not performed as there
was no dural compression and the amount of cement leakage wasFigure 8. Intraoperative X-ray showing distribution of cement over the upper part of
the L1 body.
Figure 9. Postoperative lateral lumbosacral spine X-ray.
Figure 10. Postoperative anteroposterior lumbosacral spine X-ray.
Y.-C. Siu et al. / Journal of Orthopaedics, Trauma and Rehabilitation 19 (2015) 100e106 103minor. Thewoundwas then irrigatedwith normal saline and closed
in layers.
No neurological deﬁcit was found after the operation in the
recovery suite. Her back pain was largely improved afterwards and
she was able to walk with a frame independently. Radiography of
the lumbosacral spine showed cement ﬁlling over the upper body
of L1 with intraspinal leak along anterior epidural space and
leakage over one of the pedicle needle tract (Figures 9 and 10). CT
showed satisfactory ﬁlling of the L3 body with minor extravasation
(Figure 11). Over the L1, ﬁlling of the cement occurred just over the
upper part of the body, corresponding to the cleft seen in the
preoperative radiograph and CT. The cement extended into the
vertebral canal involving ~25% of the anteroposterior diameter
(Figure 12). On the left side, the cement also extruded proximallyFigure 11. Axial CT view of L3 showing satisfactory cement ﬁlling.and distally along the medial pedicle wall to the posterior annulus
above and below (Figures 13e15). On the right side, there was
cement over the pedicle tract and minor leakage over the lower
pedicle (Figures 15 and 16). The patient recovered uneventfully and
she was ﬁt for discharge 2 weeks after the operation.
The patient was last seen in outpatient clinic at about 6 months
after the operation. Her pain was completely resolved and she was
able to walk with a frame independently. There was no interval
change in the radiographs of the lumbosacral spine compared with
radiographs taken shortly after the operation (Figures 17 and 18).Figure 12. Axial CT view of L1 showing posterior cement leakage into the spinal canal.
Figure 13. Sagittal CT view showing posterior cement leakage superiorly and inferiorly
around the L1 spinal canal.
Figure 14. Coronal CT view showing extrusion of cement along the medial pedicle
walls of L1.
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Cement vertebroplasty in osteoporotic spine fractures helps to
provide immediate stability and rapid pain relief in order to allowFigure 15. Coronal CT view showing extrusion of cement along the right pedicle tract
of L1.early mobilization and prevent complications that arise from being
bedbound for an extended period. However, intraspinal leakage can
lead to a catastrophic effect. It could result in neurological injury
because of the mechanical compression, thermal injury during the
exothermic phase of cement hardening, or chemical irritation of
neural tissue.1e3 Therefore, care must be taking during the opera-
tion in order to prevent this happening.
According to the radiographic analysis by Yeom et al,4 the
pattern of cement leakage in the percutaneous vertebroplasty canFigure 16. Sagittal CT view showing extrusion of cement along the right pedicle tract
of L1.
Figure 17. Lateral lumbosacral spine X-ray at 6 months after the operation.
Figure 18. Anteroposterior lumbosacral spine X-ray at 6 months after the operation.
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(leakage via the segmental vein), and type C (through a cortical
defect).
In L1 in our patient, leakage through the basivertebral vein (type
B pattern) was seen (Figure 12). There was a relatively symmetrical
cement leakage over the anterior spinal canal, which did not
occupy more than one-third of the spinal canal. Then, the cement
spread from the basivertebral vein into the anterior internal
vertebral venous plexus proximally and distally, producing the
outline of the epidural venous plexus as seen in Figures 13e15. The
medial pedicle walls of L1 remained intact (Figure 15) but therewas
leakage of cement over the left side pedicle and soft tissue tract of
the vertebroplasty needle.
In L3, leakage into segmental vein (type S) was seen (Figure 11)
and there was another minor leakage into L2/3 disc space (type C;
Figure 13).
In our patient, the cement continued to migrate posteriorly
despite stopping further injection. This may have been related to
the ﬂow of less viscous cement into the vertebral venous system.
The extrusion of cement into the basivertebral vein allowed the
ﬂow of cement along the anterior internal vertebral venous plexus,
intervertebral vein, or radicular vein. That could explain the
continued ﬂow of cement and seeping of cement along the epidural
space. Besides, the presence of cortical defect provided a low-
pressure channel for the cement leakage. In L1, the posterior wall
defect of the burst fracture allowed leakage into the intraspinal
canal. The presence of an intravertebral cleft can potentially lead to
cement leakage into intervertebral disc space because of their
connection.5
The safety of vertebroplasty in treating burst fracture is hotly
discussed. Burst fracture was once considered as a contraindicationof vertebroplasty due to the risk of intraspinal leakage and cord
compression.2,6e8 However, there were increasing numbers of
studies showing that it can be a safe and effective method in
treating thoraco-lumbar osteoporotic burst fractures.9e12 In the
study by Li et al,10 on vertebroplasty for osteoporotic burst frac-
tures, therewas no signiﬁcant difference in the cement leakage rate
between the burst and the compression groups. By contrast, the
mean postoperative Oswestry Disability Index, visual analogue
score, and kyphotic angles were improved signiﬁcantly in both
groups. Hence, with careful surgical technique, vertebroplasty can
still be performed in those with burst fracture as it helps to relieve
the fracture pain and restore the vertebral height effectively.13,14
By contrast, the injection of the cement was done manually
using a 1 mL or 2 mL syringe and the exact injection pressure
cannot be calibrated or controlled. Moreover, we tended to apply
greater or even excessive injection pressure as the cement became
harder later during the procedure. This could be a reason for
cement leakage in our patient. Using a new set of cement under low
pressure injection may be better than trying to complete the ﬁlling
within the cement setting time.
The use of low-pressure injection and higher viscosity cement
allowed a controlled ﬂow of cement that was slow and steady. The
amount of cement injected could be monitored in real time under
ﬂuoroscopy and the cement ﬂow could theoretically be stopped
once the posterior vertebral body was reached or leakage started to
occur. Kyphoplasty, by decreasing injection pressures, has been
theorized to reduce the risk of catastrophic cement extrava-
sation,15e17 but the risk is still there and there is a report of intra-
spinal leakage in kyphoplasty.18
The volume and mass effect of the cement helped to restore the
height of the vertebral body, but overaggressive ﬁlling of the body
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shooting and intraspinal leakage.19 Complete ﬁlling of the osteo-
porotic vertebral body was not necessary to achieve adequate pain
relief and the optimal amount of cement required for good results
was related to the capacity of the vertebral body. An optimal
vertebral body fraction to be cemented was found to be 24% by
Nieuwenhuijse et al.20 This fraction corresponded to ~100% speci-
ﬁcity to achieve pain relief without a higher risk of an occurrence of
cement leakage or new osteoporotic vertebral collapse fracture.
From the preoperative imaging and the intraoperative ﬁndings,
the use of cement with suboptimal viscosity (low viscosity), the
presence of cortical defect, high fracture severity grade, and
excessive injection pressure could be the contributing factors for
intraspinal cement leakage in our patient.
Genant et al21 classiﬁed vertebral fractures severity using a
semiquantitative method according to the percentage of vertebral
body collapse into mild (20e25%), moderate (26e40%), and severe
(> 40%). High fracture severity grade together with low viscosity of
cement, cortical disruption and intravertebral cleft were identiﬁed
as strong risk factors for cement leakage in vertebroplasty.5 Lower
viscosity cement favours interdigitation of cement into the
trabecular bone but with increased risk of extravasation, whereas
higher viscosity cement form a clump-like intracorporal distribu-
tionwith trabecular disruption but with a reduced risk of leakage.22
Whether the cement was suitable for usewill then depend on its
viscosity and the presence of risk factors for leakage. Higher vis-
cosity cement should be considered if there are additional risk
factors.5 In general, the recommended consistency of the cement
described in the literature was a doughy consistency, which does
not dissociate from the cement in the syringe tip under its own
weight when tested in open air before injection.23,24
Despite the promotion of the ready-to-use cement, which
required no waiting time before reaching the correct viscosity,
surgeons should always identify the risk factors of cement leakage
preoperatively and test the cement consistency intraoperatively
before injection to avoid the situation where low viscosity cement
was used in patients with additional risk factors. These precautions
should be included in the technique guide in future.
Intraspinal leakage of bone cement was regarded as a rare
complication of vertebroplasty and there were just some case re-
ports about this condition. The management guideline about the
indication of exploration and the decision for cement removal were
lacking in the literatures. Themanufacturer's manual (Vertecam Vþ
system) suggests continuing the procedure in case of very small
leakage. However, the deﬁnition of very small was not mentioned.
Teng et al1 suggested immediate exploration with surgical removal
of bone cement to prevent or revert new onset neurological deﬁcit.
They admitted that removal of bone cement in the anterior dura
space, intervertebral foramina, or those intradurally and mixed
with cauda equina nerve ﬁbres was extremely difﬁcult. In our
opinion, a decision not to explore in the case of intraspinal leakage
was difﬁcult. Exploration and laminectomy for decompression
would be the most direct method for examination of dura and
provided some degree of decompression. Whether to proceed for
cement removal would depend on the degree of intraspinal leakage
and surgical expertise available.
Conclusion
Cement vertebroplasty is effective in treating osteoporotic spine
fractures, but leakage of cement intraoperatively can lead to sig-
niﬁcant consequences. Surgical management of this problem is
very challenging and may cause further injury to the patients.
Therefore, precautions must be taken to avoid this from happening.Preoperative identiﬁcation of risk factors for cement leakage,
avoiding the use of low-viscosity cement, low-pressure injection,
good surgical technique, and close monitoring with real time
ﬂuoroscopy during cement injection are strongly advised in order
to minimize the risk of intraspinal leakage of cement intra-
operatively. Urgent exploration, decompression, and removal of
cement should be considered in case of signiﬁcant leakage.
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